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Xvlanase, microorganisms producing it, DNA molecules, 
methods for preparing this xvlanase and uses of 

the latter 

The invention relates to a new xylanase. The 
5 invention also relates to the methods for preparing this 
xylanase, to the uses of the latter and to compositions 
comprising it. 

The invention also relates to a new strain of 
microorganisms producing this xylanase and to a DNA 
10 molecule comprising the nucleotide sequence which codes 
for this xylanase. The invention also relates to vectors 
containing this DNA molecule and to strains transformed 
by these vectors. 

The invention also relates to the promoter 
15 derived from the gene which codes for Bacillus pumilus 
PRL B12 xylanase and the presequence which codes for the 
signal peptide of Bacillus pumilus PRL B12 xylanase. The 
invention also relates to vectors which contain this 
promoter and this presequence, and also to the DNA 
20 molecule comprising the nucleotide sequence which codes 
for the mature portion of the xylanase of the invention. 
The invention also relates to strains transformed by 
these vectors. 

Thermostable xyalanases which are active over a 
25 wide pH range are known, such as, in particular, xylan- 
ases produced by strains of alkalophilic bacillus (Gupta 
et al. Biotechnology Letters, 1992, 14 (11), pages 1045- 
1046 and International Patent Application WO 94/04664) . 
However, despite these properties, these enzymes would 
30 appear to be poorly effective in bleaching paper pulp. 

Consequently, there is at present a need for a 
xylanase which can be used in the treatment of paper 
pulp, which is very stable and also very active over a 
wide range of temperature and of basic and acid pH. 
35 The object of the present invention is to provid 

a new xylanase which is active over a wide pH range, both 
at alkaline pH and at acid pH. 

The object of the present invention is also to 




identify, isolate and provide a strain, especially a 
Bacillus strain, which produces the said xylanase 
naturally* 

The object of the present invention is also to 
isolate and provide a DNA molecule comprising a 
nucleotide sequence which codes for the said xylanase. 

The object of the present invention is also to 
prepare and provide an expression vector containing the 
nucleotide sequence coding for the said xylanase. 

The object of the present invention is also to 
prepare and provide an integration vector containing the 
nucleotide sequence coding for the said xylanase. 

The object of the present invention is also to 
prepare and provide the promoter drived from the gene 
which codes for Bacillus pumilus PRL B12 xylanase. The 
object of the present invention is also to prepare and 
provide the presequence which codes for the signal 
peptide of Bacillus pumilus PRL B12 xylanase. The vectors 
which comprise this promoter and/or this presequence also 
contain the DNA molecule comprising the nucleotide 
sequence which codes for the mature portion of the 
xylanase of the invention. The strains transformed by 
these vectors produce the xylanase of the invention 
heterologously . 

The object of the present invention is also to 
prepare and provide a Bacillus host transformed with the 
expression vector which contains the DNA molecule com- 
prising the nucleotide sequence of the Bacillus strain 
coding for the said xylanase. 

The object of the present invention is also to 
prepare and provide a Bacillus host transformed with the 
expression vector which contains the DNA molecule com- 
prising the nucleotide sequence of the Bacillus strain 
coding for the said xylanase [sic] • 

The object of the present invention is also to 
prepare and provide a composition containing this 
xylanase. 

The object of the present invention is also to 
prepare and provide a xylanase which can be us d in the 
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tr atm nt of paper pulp, and pulps having a basic, 
n utral or acid pH, and in particular pulps having an 
sp cially basic pH and paper pulps of various origins, 
such as the pulps originating from coniferous trees, the 
5 pulps originating from broad- leaved trees and especially 
eucalyptus pulp. 

To this end, the invention relates to a xylanase 
originating from a Bacillus, and more especially from an 
aerobic and non- thermophilic microorganism. 
10 It is preferable to use Bacillus sp. strain 720/1 

or a derivative or mutant of this strain. The xylanase of 
the invention is derived from (naturally produced by) 
Bacillus sp. strain 720/1. Xylanase is classified in the 

!..! 

\ll \ international system under the EC number 3.2.1.8. It is 

i'; 15 an endo- 1,4 -beta -xylanase. 

J;i Preferably, the isolated and purified xylanase 

consists of a single type of polypeptide having a moleCU- 
isiP 

S.| lar weight of approximately 25 kDa. 

The invention relates to an isolated and purified 

P 

20 xylanase comprising the amino acid sequence from 1 to 221 
M amino acids (SEQ ID NO: 3) or a modified sequence derived 

from this sequence. The amino acid sequence and the 
nucleotide sequence (SEQ ID NO:l) coding for the mature 
xylanase, together with its translation into amino acids 
25 (SEQ ID NO:2), is given in Figure 1 (Figures la and lb). 

The xylanase of the invention is synthesized in 
the form of a precursor. The precursor contains 248 amino 
acids: (SEQ ID NO: 6) . The nucleotide sequence 

SEQ ID NO: 4) coding for the xylanase precursor, as well 
30 as its translation into amino acids (SEQ ID NO:5), are 
identified. 

The precursor contains the sequence of 221 amino 
acids (SEQ ID NO: 3) of the mature xylanase and the 
sequence of 27 amino acids (SEQ ID NO: 9) of the 
35 presequence. 

Th mature xylanase sequenc is prec ded by a 
presequence. The latter is an additional sequence of 
27 amino acids (SEQ ID NO: 9). The corresponding 
nucleotide sequence (SEQ ID NO:7), as well as its trans- 
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lation into amino acids (SEQ ID N0:8), ar identified. 
This pr sequence codes for the signal peptide of th 
xylanas of the invention. 

As a special preference, the said xylanase has a 
determined isoelectric point of between approximately 9.5 
and approximately 9.7. 

The xylanase according to the invention is 
thermostable and active over a wide pH range. Preferably, 
the xylanase according to the invention is alkaline. 

The xylanase according to the invention pos- 
sesses, moreover, all appropriate properties compatible 
with the actual industrial conditions of enzyme treatment 
of paper pulp. According to the numerous steps of the 
various treatments of paper pulp employed industrially, 
these properties are good stability with respect to pH 
and temperature, and enzyme activity over a wide range of 
pH and temperature, such as, in particular, a pH of 
between approximately 5 and 10 and a temperature of 
between approximately 50 and 80 °C. 

The xylanase of the invention is active over a 
range of pH above or equal to approximately 5 . The 
xylanase of the invention is active over a range of pH 
lower or equal to approximately 11 . The xylanase develops 
an enzyme activity of more than 50% of the maximal 
activity, measured at a temperature of approximately 50 °C 
and in the presence of xylan, over a range of pH above or 
equal to approximately 5.0. The xylanase develops an 
enzyme activity of more than 50% of the maximal activity, 
measured at a temperature of approximately 50 °C and in 
the presence of xylan, over a pH range below approximate- 
ly 10.5. 

The xylanase of the invention is active over a 
range of temperature above or equal to approximately 
50 °C. The xylanase of the invention is active over a 
range of temperature below or equal to approximately 
80 °C. The xylanas develops an enzyme activity of more 
than 50% of the maximal activity, measured at a pH of 
approximately 9 and in the presence of xylan, over a 
range of temperature abov or equal to approximately 



50 °C. Th xylanase develops an enzyme activity of mor 
than 50% of the maximal activity, measured at a pH of 
approximately 9 and in the presence of xylan, over a 
temperature range below approximately 80 °C. 

The invention also relates to a modified 
xylanase, that is to say an enzyme whose amino acid 
sequence differs from that of the wild- type enzyme by at 
least one amino acid. These modifications may be obtained 
by standard mutagenesis techniques on the DNA, such as 
exposure to ultraviolet radiation or to chemical products 
such as ethyl methanesulphonate (EMS) , N-methyl-N-nitro- 
N-nitrosoguanidine (MNNG) , sodium nitrite or O-methyl- 
hydroxylamine, or by genetic engineering techniques such 
as, for example, site-directed mutagenesis or random 
mutagenesis. These techniques are known to a person 
skilled in the art and are described, in particular, in 
Molecular Cloning - a laboratory manual - Sambrook, 
Fritsch, Maniatis - second edition, 1989, Chapter 15. 

The invention also relates to a xylanase having 
immunochemical properties identical or partially ident- 
ical to the xylanase obtained from Bacillus sp. 
strain 720/1. The immunochemical properites may be deter- 
mined immunologically by tests of identity, in particular 
using specific polyclonal or monoclonal antibodies. Tests 
of identity are known to a person skilled in the art, 
such as, in particular, the Ouchterlony immunodiffusion 
method or the immunoelectrophoresis method. Examples of 
such methods are described by Axelsen N.H., Handbook of 
Immunoprecipitation Gel Techniques, Blackwell Scientific 
Publications, 1983, Chapters 5 and 14; the terms 
"antigenic identity" and "partial antigenic identity" are 
described in this document in Chapters 5, 19 and 20. A 
serum containing the specific antibody is prepared 
according to the method described, by immunizing animals 
(for example mice, rabbits or goats) with a purified 
xylanase preparation. This preparation may be mixed with 
an additive such as Freund' s adjuvant, and the mixture 
obtained is injected into animals. The polyclonal anti- 
body is obtained after one or several immunizations. An 
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example consists in injecting subcutan ously at two-week 
int rvals four fractions each containing 150 micrograms 
of purified xylanase; the immunization then lasts 
8 weeks. The serum is withdrawn after the immunization 
5 period and the immunoglobulin may be isolated according 
to the method described by Axelsen N.H. (1983) . 

The present invention also relates to the identi- 
fication and provision of a new, isolated and purified 
aerobic bacterium producing xylanase. Generally, it 
10 belongs to the family Bacillaceae. Preferably, it belongs 
to the genus Bacillus. As a special preference, the said 
Bacillus is Bacillus sp. strain 720/1 or a derivative or 
mutant of this strain. 
( J£ Derivative of this strain is understood to mean 

15 any naturally modified bacterium. The derivatives of this 
strain may be obtained by known modification techniques 
III such as culture on specific medium, ultraviolet radiation 

|"n or X-rays. Mutant of this strain is understood to mean 

any artificially modified bacterium. The mutants of this 
la f 20 strain may be obtained by known modification techniques 

l 3lh such as exposure to mutagenic agents and genetic engin- 

eering techniques . These techniques are known to a person 
skilled in the art and are described, in particular, in 
Sambrook et al . , 1989, Chapter 15. 
25 Bacillus sp. strain 720/1 was deposited at the 

collection named Belgian Coordinated Collections of 
Microorganisms (LMG culture collection, Ghent University, 
Microbiology Laboratory - K.L. Ledeganckstraat 35, B-9000 
Ghent, Belgium) in accordance with the Budapest Treaty 
30 under the number LMG P-14798 on 9th June 1994. The 
invention relates to an isolated and purified culture of 
Bacillus sp. strain 720/1 and to a derived or mutated 
culture of the latter. 

The strain of the present invention was ident- 
35 ified by its biochemical features: aerobic Gram-positive 
bact rium which takes the form of a rod; it forms an 
endospore. It is oligosporogenous . 

The invention also relates to the isolation and 
provision of a DNA molecule comprising the nucleotid 



sequence (SEQ ID NO:l) which codes for the mature xylan- 
ase of Bacillus sp. 720/1 (LMG P-14798) or a modified 
sequence derived froi^ this sequence. Preferably, this DNA 
molecule comprises the entire Bacillus sp. 720/1 xylanase 
gene. Entire xylanase gene (SEQ ID NO: 10) is understood 
to mean at least the transcription promoter (s) , the 
signal sequence (s) , the nucleotide sequence coding for 
the mature xylanase and the transcription terminator (s) . 

Modified sequence derived from the DNA molecule 
is understood to mean any DNA molecule obtained by 
modification of one or more nucleotides of the gene which 
codes for the xylanase of the invention. The techniques 
of obtaining such sequences are known to a person skilled 
in the art, and are described, in particular, in Molecu- 
lar Cloning - a laboratory manual - Sambrook, Fritsch, 
Maniatis - second edition, 1989, Chapter 15. Usually, the 
modified sequence derived from the DNA molecule comprises 
at least 70% homology with the nucleotide sequences [sic] 
(SEQ ID NO:l) of the gene which codes for the xylanase of 
the invention, that is to say at least 7 0% of identical 
nucleotides having the same position in the sequence. 
Preferably, the modified sequence derived from the DNA 
molecule comprises at least 80% homology with the 
nucleotide sequence (SEQ ID N0:1) of the gene which codes 
for the xylanase of the invention. As a special prefer- 
ence, the modified sequence derived from the DNA molecule 
comprises at least 90% homology with the nucleotide 
sequences [sic] (SEQ ID N0:1) of the gene which codes for 
the xylanase of the invention. 

The complete nucleotide sequence coding for the 
mature xylanase, together with its translation into amino 
acids (SEQ ID N0:2), is given in Figure 1 (Figures la 
and lb) . 

Usually, the DNA molecule according to the inven- 
tion comprises at least the nucleotide sequence 
(SEQ ID NO: 4) which codes for the xylanase precursor or 
a modified sequence derived from this sequence. This 
nucleotide sequence (SEQ ID NO: 4) comprises the nucleo- 
tide sequence (SEQ ID NO: 1) coding for the mature xylan- 
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ase of Bacillus sp. 720/1 (LMG P-14798) and its signal 
sequence (presequence) (SEQ ID NO: 7) . Preferably, this 
DNA molecule comprises the entir Bacillus sp. 720/1 
xylanase gene and, as a special preference, the 
5 nucleotide sequence (SEQ ID NO:10). The nucleotide 
sequence (SEQ ID NO: 10) consists, in the amino-carboxy 
direction and from left to right, of the nucleotide 
sequence (SEQ ID NO: 12) which comprises the xylanase 
promoter, the nucleotide sequence of the presequence 
10 (SEQ ID NO: 7) , the nucleotide sequence of the mature 
xylanase (SEQ ID NO:l) and the nucleotide sequence 
(SEQ ID NO: 13) which comprises the xylanase terminator. 
Figure 2 (Figure 2a and Figure 2b) shows the nucleotide 
sequence of the gene coding for the xylanase, together 

i£P 15 with its translation into amino acids (SEQ ID NO: 11) . 

|j;f In a variant, the invention also relates to a DNA 

U.-r 

molecule which comprises the promoter derived from the 
*Jf gene which codes for Bacillus pumilus PRL B12 xylanase, 

!jj a presequence and the nucleotide sequence (SEQ ID NO:l) 

20 which codes for Bacillus sp. 720/1 xylanase or a modified 
■?j sequence derived from this sequence. In another variant, 

|«* the invention also relates to a DNA molecule which 

comprises a promoter, the presequence which codes for the 
signal peptide of Bacillus pumilus PRL B12 xylanase and 
25 the nucleotide sequence (SEQ ID NO:l) which codes for 
Bacillus sp. 72 0/1 xylanase or a modified sequence 
derived from this sequence. Preferably, the invention 
relates to a DNA molecule which comprises the promoter 
(SEQ ID NO: 26) derived from the gene which codes for 
30 Bacillus pumilus PRL B12 xylanase, the presequence 
(SEQ ID NO: 27) which codes for the signal peptide of 
Bacillus pumilus PRL B12 xylanase and the nucleotide 
sequence (SEQ ID NO:l) which codes for Bacillus sp. 720/1 
xylanase or a modified sequence derived from this 
35 sequence. 

The invention also relates to th promoter 
(SEQ ID NO: 26) derived from the gene which cod s for 
Bacillus pumilus PRL B12 xylanase. The sequence of the 
promoter is illustrated in Figure 11. 



Th invention also relates to the pr s qu nee 
(SEQ ID NO: 27) which codes for the signal peptide of 
Bacillus pumilus PRL B12 xylanase. The corresponding 
sequence of 27 amino acids has been identified 
(SEQ ID NO: 29) . This nucleotide sequence, together with 
its translation into amino acids (SEQ ID NO:28) , is 
illustrated in Figure 12 . 

The method for obtaining and preparing the 
promoter derived from the gene which codes for Bacillus 
pumilus PRL B12 xylanase and of the presequence which 
codes for the signal peptide of Bacillus pumilus PRL B12 
xylanase is described in Example 17 and in Figure 1 of 
European Patent Application 0,634,490, which is incorpor- 
ated by reference in this application. 

Bacillus pumilus strain PRL B12 was deposited at 
the ATCC collection (American Type Culture Collection, 
12301 Parklawn Drive, Rockville, Maryland, 20852, USA) in 
accordance with the Budapest Treaty under the number 
ATCC 55443 on 24th June 1993. 

The invention also relates to a mutated DNA 
molecule, and to the mutated xylanase derived therefrom 
(for which the mutated DNA molecule codes) , obtained by 
modification of the nucleotide sequence of the gene which 
codes for the xylanase defined above. The techniques of 
obtaining such mutated xylanases are known to a person 
skilled in the art and are described, in particular, in 
Molecular Cloning - a laboratory manual - Sambrook, 
Fritsch, Maniatis - second edition, 1989, Chapter 15. 

The present invention also relates to an express- 
ion vector or chromosomal integration vector containing 
a DNA molecule as defined above. Generally, the express- 
ion vector or the chromosomal integration vector contains 
the DNA molecule which comprises the nucleotide sequence 
(SEQ ID NO:l) which codes for Bacillus sp. 720/1 xylanase 
or a modified sequence derived from this sequence. 
Usually, the xpression vector or the chromosomal inte- 
gration vector contains a DNA molecule which comprises 
th gene which codes for the xylanase or a modified 
sequence derived from this sequence. Pref rably, the 
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expression vector or the chromosomal integration v ctor 
contains the DNA molecule which comprises the nucleotid 
seguenc (SEQ ID NO: 10) which codes for Bacillus 
sp. 720/1 xylanase or a modified sequence derived from 
5 this sequence. As a special preference, this vector is 
the expression vector pUBRD-720Xll . Good results have 
also been obtained with the expression vector 
pUBR-720Xll. 

A variant of the invention relates to an express - 

10 ion vector or a chromosomal integration vector which 
contains a DNA molecule comprising the gene which codes 
for the mature portion of the xylanase or a modified 
sequence derived from this molecule. Generally, the 
expression vector or the chromosomal integration vector 

15 contains the DNA molecule which comprises the nucleotide 
sequence (SEQ ID N0:1) which codes for Bacillus sp. 720/1 
xylanase or a modified sequence derived from this 
sequence. Usually, the expression vector or the chromo- 
somal integration vector contains a DNA molecule which 

2 0 comprises the promoter derived from the gene 
(SEQ ID NO: 26) which codes for Bacillus pumilus PRL B12 
xylanase, a presequence and the nucleotide sequence 
(SEQ ID NO:l) which codes for Bacillus sp. 720/1 xylanase 
or a modified sequence derived from this sequence. In a 

25 usual variant, the expression vector contains a DNA 
molecule which comprises a promoter, the presequence 
(SEQ ID NO: 27) which codes for the signal peptide of 
Bacillus pumilus PRL B12 xylanase and the nucleotide 
sequence (SEQ ID N0:1) which codes for Bacillus sp. 720/1 

30 xylanase or a modified sequence derived from this 
sequence. Preferably, the expression vector or the 
chromosome integration vector contains a DNA molecule 
which comprises the promoter derived from the gene (SEQ 
ID NO: 26) which codes for Bacillus pumilus PRL B12 

35 xylanase, the presequence (SEQ ID NO: 27) which codes for 
the signal peptide of Bacillus pumilus PRL B12 xylanas 
and the nucleotide sequence (SEQ ID N0:1) which codes for 
Bacillus sp. 720/1 xylanase or a modified s quence 
derived from this sequence. As a special prefer nee, this 
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vector is the expression vector pBPXD-PRE-720X . Good 

r suits have „ also been obtained with the expression 

vector pC-BPX-PRE-720X. 

The invention also relates to an expression 

system which can be used for the production of a 

polypeptide . 

This expression system comprises: 
the sequence of the promoter (SEQ ID NO: 26) derived 
from the gene which codes for Bacillus pumilus 
PRL B12 xylanase, 

a sequence coding for a signal peptide, and 
the sequence of the polypeptide of interest. 

Generally, the expression system comprises the 
sequence of a terminator. 

In a variant, this expression system comprises: 
the sequence of a promoter, 

the presequence (SEQ ID NO: 27) which codes for the 
signal peptide of Bacillus pumilus PRL B12 xylanase, 
and 

the sequence of the polypeptide of interest. 

Generally, the expression system comprises the 
sequence of a terminator. 

Usually, this expression system comprises: 
the sequence of the promoter (SEQ ID NO: 26) derived 
from the gene which codes for Bacillus pumilus 
PRL B12 xylanase, 

the presequence (SEQ ID NO: 27) which codes for the 
signal peptide of Bacillus pumilus PRL B12 xylanase, 
the sequence of the polypeptide of interest, and 
the sequence of a terminator. 

Preferably, the polypeptide of interest is an 
enzyme such as a hydrolase. As a special preference, the 
polypeptide of interest is a protease, a lipase, a 
xylanase, a cellulase, an amylase or a pullulanase. Good 
results have been obtained with the xylanase naturally 
produced by Bacillus sp. strain 720/1, that is to say 
when, in the expression system, the sequence of th 
polypeptide corresponds to the nucleotide s quence 
(SEQ ID NO:l) which codes for Bacillus sp. 720/1 
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xylanas . 

The present invention also relates to r combinant 
strains into which the gene coding for a xylanase is 
introduced by genetic engineering techniques. The gene 
may be introduced by means of a replicative vector, or 
integrated in the host's chromosome in one or more copies 
by means of an integrative vector; the nucleotide 
sequence coding for a xylanase may be introduced by 
transformation, either in integrated form in the chromo- 
somal DNA, or in self -replicating form (plasmid) . 

The invention also relates to strains of micro- 
organisms which are different from the initial producer 
organism, into which strains the nucleotide sequence 
coding for a xylanase is introduced by transformation, 
either in integrated form in the chromosomal DNA, or in 
self -replicating form (plasmid) ; the gene coding for a 
xylanase may be introduced by means of a replicative 
vector or integrated in the host's chromosome in one or 
more copies by an integrative vector. 

The invention relates to a transformed strain 
comprising the DNA molecule which contains the structural 
gene which codes for the mature xylanase of Bacillus sp. 
720/1. Generally, the transformed strain is a strain of 
bacterium. Usually, the transformed strain is chosen from 
Escherichia, Pseudomonas or Bacillus strains. Preferably, 
the transformed strain is a Bacillus strain. As a special 
preference, the transformed Bacillus strain is a Bacillus 
lichenif ormis strain, a Bacillus pumilus strain, a 
Bacillus alcalophilus strain or a Bacillus sp. strain 
720/1. Good results have been obtained with a Bacillus 
lichenif ormis strain and with a Bacillus pumilus strain. 

The invention relates to the transformed Bacillus 
strain comprising the expression vector or the 
chromosomal integration vector which comprises this DNA 
molecule. Preferably, the transformed Bacillus strain is 
a Bacillus lichenif ormis strain. Preferably also, the 
transformed Bacillus strain is a Bacillus sp. strain 
720/1. 

The present invention also relates to the 
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xylanase produced by a transformed strain as d fined 
above . 

The present invention also relates to a method 
for the production of a xylanase, comprising the cul- 
turing of an aerobic bacterium capable of producing the 
xylanase in a suitable nutrient medium containing carbon 
and nitrogen sources and inorganic salts under aerobic 
conditions, and the harvesting of the xylanase thereby 
obtained. This culture medium can be solid or liquid. 
Preferably, the culture medium is liquid. Preferably, the 
aerobic bacterium is a Bacillus strain or a derivative of 
this strain capable of producing the xylanase. 

The present invention also relates to a method 
for the production of a xylanase, comprising the cul- 
turing of Bacillus sp. strain 720/1 or a derivative of 
this strain capable of producing the xylanase in a 
suitable nutrient medium containing carbon and nitrogen 
sources and inorganic salts under aerobic conditions, and 
the harvesting of the xylanase thereby obtained. 

The invention also relates to a method for the 
preparation of a xylanase from a recombinant organism, 
the method comprising the isolation of a DNA fragment 
coding for the xylanase, the insertion of this DNA 
fragment into a suitable vector, the introduction of this 
vector into a suitable host or the introduction of this 
DNA fragment into the chromosome of a suitable host, the 
culturing of this host, the expression of the xylanase 
and the harvesting of the xylanase. The suitable host is 
generally chosen from the group consisting of Escherichia 
coli, Bacillus or Aspergillus microorganisms. Usually, 
the host is chosen from Bacillus species. Preferably, the 
host is chosen from microorganisms of the genus Bacillus 
(aerobic) . As a special preference, the host is chosen 
from the microorganisms Bacillus subtilis, Bacillus 
licheniformis. Bacillus alcalophilus, Bacillus pumilus. 
Bacillus lentus. Bacillus amyloliquef aci ns or Bacillus 
sp. 72 0/1. Good results have been obtained when th host 
for the expression of the xylanase according to th 
present invention is a recombinant strain d rived from 
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Bacillus lichenif ormis , and preferably Bacillus licheni- 
formis strain SE2 delapl and Bacillus lichenif ormis 
strain SE2 delap6 . Bacillus lichenif ormis strain SE2 
delapl and Bacillus lichenif ormis strain SE2 delap6 are 
described in European Patent Application 0,634,490, which 
is incorporated by reference in this application. 

The invention also relates to a xylanase produced 
heterologously by a microorganism of the genus Bacillus. 
Usually, the microorganism of the genus Bacillus contains 
a gene coding for an alkaline protease when it is in the 
wild- type state. Preferably, this microorganism is a 
Bacillus lichenif ormis strain comprising the DNA molecule 
which comprises the nucleotide sequence which codes for 
Bacillus sp. 720/1 xylanase. As a special preference, the 
gene coding for the alkaline protease has been removed by 
deletion from this Bacillus strain. This strain is 
preferably Bacillus lichenif ormis strain SE2 delapl or 
Bacillus lichenif ormis strain SE2 delap6 . 

Produced heterologously is understood to mean a 
production which is not performed by the natural micro- 
organism, that is to say the microorganism which, in the 
wild- type state, contains the gene which codes for the 
xylanase . 

The conditions of culture of these bacteria, such 
as components of the nutrient medium, culture parameters, 
temperature, pH, aeration and agitation, are well known 
to a person skilled in the art. Examples of such tech- 
niques are described, in particular, in Ullmann's Ency- 
clopedia of Industrial Chemistry, 1987, 5th Edition, Vol. 
A9, pages 363-390. 

The techniques of harvesting of xylanase are well 
known to a person skilled in the art, and are chosen 
according to the uses envisaged for the xylanase* 
Usually, centrifugation, filtration, ultrafiltration, 
evaporation, microf iltration, crystallization or a combi- 
nation of one or other of these techniques is us d, such 
as a centrifugation followed by an ultrafiltration. 
Examples of such techniques are described, in particular, 
by R. Scriban, Biotechnology, (Technique et Documentation 
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Lavoisier), 1982, pp. 267-276 and in Ullmann' s Encyclo- 
pedia of Industrial Chemistry, 1987, 5th Edition, Vol. 
A9, pages 363-390. 

The xylanase can then be purified, if necessary 
5 and according to the uses envisaged. Enzyme purification 
techniques are well known to a person skilled in the art, 
such as precipitation using a salt such as ammonium 
sulphate, or using a solvent such as acetone or an 
alcohol. Examples of such techniques are described, in 
10 particular, by R. Scriban, Biotechnology, (Technique et 
Documentation Lavoisier), 1982, pp. 267-276. 

The xylanase may also be dried by atomization or 
lyophilization. Examples of such techniques are 

□ described, in particular, by R. Scriban, Biotechnology, 

if* 

15 (Technique et Documentation Lavoisier), 1982, pp. 267-276 
O and in Ullmann's Encyclopedia — of — Industrial Chemistry, 

1987, 5th Edition, Vol.<A9, pages 363-390. 

□ The present inentiron also^relates to enzyme 
* iS compositions comprising the xylanase according to the 

V. 

£| 20 invention and at least one additive. These additives are 

known to a person skilled in the art and are chosen 
% according to the use envisaged for the composition. They 

•iiV 

□ must be compatible with the xylanase and must have little 
p or no effect on the enzyme activity of the xylanase. 

25 Usually, these additives are enzyme stabilizers, preser- 
vatives and formulation agents . 

The compositions comprising the xylanase of the 
present invention may be used in solid or liquid form. 

The xylanase is formulated according to the 

30 anticipated uses; Stabilizers or preservatives may also 
be added to the enzyme compositions comprising the 
xylanase according to the invention. For example, it is 
possible to stabilize the xylanase by adding propylene 
glycol, ethylene glycol, glycerol, starch, xylan, a sugar 

3 5 such as glucose and sorbitol, a salt such as sodium 
chlorid , calcium chloride, potassium sorbate and sodium 
benzoat or a mixture of two or more of thes products. 
Good results have been obtained with propylene glycol. 
Good results have been obtained with sorbitol. 



au 

!*? 

mi 
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The xylanase according to the invention has 
numerous outlets in various industries such as, for 
xample, the food industries, the; pharmaceutical indus- 
tries or the chemical industries. 
5 The xylanase may be used, in particular, in 

bakery. An example of use of a xylanase in bakery is 
decribed, in particular, in International Patent 
Application WO 94/04664. 

The xylanase can be used, in particular, for the 
10 treatment of paper pulp. An example of the use of a 
xylanase for the treatment of paper pulp is described, in 
particular, in European Patent Application 0,634,490. The 
xylanase of the present invention is effective, in 
particular, on the pulp originating from eucalyptus wood, 
15 as illustrated in Example 13 of the present patent 
application . 

The xylanase can be used, in particular, in 
animal feeds. An example of a use of a xylanasse in 
animal feeds is described, in particular, in European 
20 Patent Application 0,507,723. 

Figure 1 (Figure la and Figure lb) shows the 
nucleotide sequence (SEQ ID NO: 2) coding for the mature 
xylanase, together with its translation into amino acids. 

Figure 2 (Figure 2a and Figure 2b) shows the 
25 nucleotide sequence (SEQ ID N0:11) of the gene coding for 
xylanase, together with its translation into amino acids. 

Figure 3 shows the restriction map of plasmid 
pUBR2002 . 

Figure 
30 pUBR-720Xl. 

Figure 
PUBR-720X11. 

Figure 
pUBRD-720Xll. 
35 Figure 
pUBC2001 . 

Figure 8 shows the restriction map of plasmid pC- 
BPX-PRE-2003 

Figure 9 shows the restriction map of plasmid pC- 



shows the restriction map of plasmid 

shows the restriction map of plasmid 

shows the restriction map of plasmid 

shows the restriction map of plasmid 
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BPX - PRE - 7 2 OX . 

Figure 10 shows the restiction map of plasmid 
pBPXD - PRE - 7 2 OX . 

Figure 11 shows the promoter (SEQ ID NO: 26) 
derived from the gene which codes for Bacillus pumilus 
PRL B12 xylanase. 

Figure 12 shows the presequence (SEQ ID NO: 28) 
which codes for the signal peptide of Bacillus pumilus 
PRL B12 xylanase* 

The meaning of the abbreviations and symbols used 
in these figures is collated in the following table. 



Symbol 

Abbreviation 


Meaning 


OriEC 


origin of replication in E. coli 


REP 


protein needed for replication in 
Bacillus 


Ori+ 


origin of replication of the + strand 

111 DaClllUB 


Ori- 


origin of replication of the - strand 
in Bacillus 


AmpR 


gene conferring resistance to 
ampicillin 


KmR 


gene conferring resistance to 
kanamycin 


BlmR 


gene conferring resistance to 
bleomycin 


5'72 0XYL 


5' sequence located upstream of the 
sequence coding for Bacillus sp. 
720/1 xylanase 


3'720XYL 


3' sequence located downstream of the 
sequence coding for Bacillus sp. 
720/1 xylanase 


720XYL 


sequence coding for the Bacillus sp. 
720/1 xylanase precursor 


5'BPUXYL-PRE 


promoter and ribosome binding site of 
Bacillus pumilus PRL B12 xylanase, 
followed by the pres quenc of 
Bacillus pumilus PRL B12 xylanase 


720XYL-MAT 


sequence coding for th matur 
portion of Bacillus sp. 720/1 
xylanase 
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Th present invention is illustrated by th 
exampl s which follow. 

Example 1 

Isolation and characterization of Bacillus sp. strain 
720/1 

Bacillus sp. strain 720/1 was isolated from a 
sample of soil, obtained in Argentina, on a nutrient agar 
medium, and selected for its capacity to degrade a 
coloured xylan derivative known by the name of AZCL-xylan 
and sold by the company Megazyme. 

This strain was cultured at 37 °C in LBS/C growth 
medium whose composition is as follows: wheat bran 
10 g/1/ Tryptone (Difco) 10 g/1, yeast extract 5 g/1, 
NaCl 10 g/1, Na 2 C0 3 5.3 g/1, NaHC0 3 4.2 g/1. 

The sodium carbonate and bicarbonate are steri- 
lized separately and then added aseptically to the other 
components of the sterile medium. The agar medium con- 
tains, in addition, 2 0 g/1 of agar. The strain of the 
present invention was identified by its biochemical 
features: aerobic Gram positive bacterium which takes the 
form of a rod; it forms an endospore. Hence it belongs to 
the genus Bacillus . 

The vegetative cells of this strain in culture on 
LBS/C agar medium at 37 °C have a bacillus shape 0.8 x 
3.0-5 /xm in size. The mobility of the vegetative cells is 
positive . 

After growth for 13 days at 37 °C on TSA agar 
medium, microscopic observation reveals the presence of 
sporangia. TSA agar medium contains 15 g/1 of Tryptone 
(Difco) , 5 g/1 of soya bean peptone, 5 g/1 of NaCl and 
15 g/1 of agar. 

The strain is oligosporogenous . 

The test for catalase is positive in the presence 
of 10 % (v/v) of hydrogen peroxide. The test for oxydase 
is positive in the presence of 1 % (w/v) of tetramethyl- 
1 , 4 - phenyl enediammonium dichloride . 

This strain is aerobic, that is to say grows 
under aerobic conditions. It does not grow under 



anaerobic conditions, that is to say under an atmosphere 
of 84 % (v/v) __N 2 , 8 % (v/v) C0 2 , 8 % (v/v) H 2 at 37°C. The 
abbreviation % (v/v) represents a percentag xpressed in 
terms of volume per volume . 

This strain is not thermophilic. It displays 
normal growth after incubation in LBS/C agar medium at 
20°C, 30°C, 37°C and 45°C; in contrast, it does not grow 
at 50°C and 55°C, or at 10°C. 

It displays normal growth after incubation in 
LBS/C agar medium in the presence of NaCl at concentra- 
tions of 2.0 % (w/v) and 3.5 % (w/v) , and displays slight 
growth in the presence of 5.0 % (w/v) and 7.0 % (w/v) 
NaCl. The abbreviation % (w/v) represents a percentage 
expressed in terms of weight per volume. 

Bacillus sp. strain 720/1 does not acifify 

glucose • 

Bacillus sp. strain 72 0/1 has been identified by 
means of the API 50 CHB strip and the API 2 0 E strip 
following the instructions for use of the supplier (API 
System, France) . Bacillus sp. strain 720/1 utilises 
glycerol, N-acetylglucosamine, arbutin, citrate, 
galactose, amygdalin and melibiose, and hydrolyses 
gelatin. These features differentiate Bacillus sp. strain 
720/1 clearly from a Bacillus pumilus strain. In effect, 
a Bacillus pumilus strain does not display any of these 
features . 

Bacillus sp. strain 720/1 was also identified by 
means of the Biolog system (USA) . The data bank analysing 
the results of this system gives a score of 0.564 for 
Bacillus coagulans, 0.097 for Bacillus subtilis, 0.057 
for Bacillus lichenif ormis and 0.00 for Bacillus pumilus. 
These features differentiate Bacillus sp. strain 720/1 
clearly from a Bacillus coagulans strain, a Bacillus 
subtilis strain, from a Bacillus lichenif ormis strain and 
from a Bacillus pumilus strain. 

Hence th isolated bacterium b longs to th g nus 
Bacillus; no known species could be determined. 

Bacillus sp. strain 720/1 was deposited at the 
collection named Belgian Coordinated Collections of 
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Microorganisms (LMG culture collection) under the number 
LMG P-14798. 

Production of xvlanase by Bacillus bp. 720/1 
5 Bacillus sp. strain 720/1 is cultured on Petri 

dishes containing an LBS/C agar medium at 37 °C for 
48 hours (culture A) . 

Then, from the culture A, culturing is carried 
out in an LB/C liquid medium whose composition is iden- 
10 tical to that of LBS/C medium but without wheat bran, at 
37 °C for 24 hours with orbital shaking at the rate of 
250 rpm (culture B) with an amplitude of approximately 
2.54 cm. 

500 ml of the culture B are then transferred to 

15 a 20-1 fermenter containing 14 1 of LBS/C medium. The pH 
is allowed to find its natural value, and the speed of 
agitation and the flow rate of air blown into the 
fermenter are such that the partial pressure of oxygen 
dissolved in the culture medium is not below 30 % of the 

2 0 saturation value. 

After 72 hours of culture at 37 °C, the 
xylanase and the cellular biomass are separated by 
centrifugation (Beckman J21, JA10 rotor) at 8,000 rpm for 
30 minutes. The xylanase produced by Bacillus sp. strain 

25 720/1 is extracellular. From the centrifugation 
supernatant, the residual insoluble matter is then 
separated from the xylanase by microf iltration (KROS 
FLOII cartridge, porosity 0.2 /x, company Microgon) . 

The microf iltration retentate is washed with 1 1 

30 of demineralized water. This washing is performed three 
times • 

The permeate of this microf iltration is then 
concentrated approximately 20 -fold by ultrafiltration 
through a Pall MICROZA SIP 1013 polysulphone cartridge 
35 having a cut-off threshold of 6 kD (company Pall) . 

The enzyme activity is measured on the 
ultrafiltration retentate (product R) and permeat (pro- 
duct P) obtained. 



% 
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One xylanase enzyme unit (IU) is d fined as the 
amount of enzyme which, at pH 8.0, at a temp ratur of 
50 °C and in the presence of xylan, catalyses the 
liberation of glucose equivalents at the rate of 1 j-imol 
5 of glucose per minute (/*M [sic] /minute) . 

The measurement of xylanase enzyme activity is 
carried out according to the protocol described by 
Bailey, Biely and Poutanen, J. Biotechnology, 1992, 23, 
pages 257-270; except that the citrate-phosphate buffer 

10 mentioned by Bailey et al. was replaced by 50 mM tris (hy- 
droxymethyl) aminoe thane -HCl buffer (pH 8.0). 

Sufficient polyethylene glycol (Merck 
polyethylene glycol reference 807490) is added to the 
ultrafiltration retentate (product R) to obtain a concen- 

15 tration of 40 % (w/w) . After solubilization of the 
polyethylene glycol, the solution obtained is incubated 
for 30 minutes at 25°C. 

The solution containing the polyethylene glycol 
and the xylanase is then centrifuged for 10 minutes at 

20 8,000 rpm (Beckman J21 centrifuge, JA10 rotor). The 
supernatant is removed by centrif ugation. Sufficient NaCl 
solution (0.9 % v/v) is added to the centrif ugation 
pellet to recover the initial volume of the retentate 
used (product R) • 

2 5 Sufficient acetone is then added to this suspen- 

sion containing the xylanase and NaCl to achieve a 
concentration of 40 % (v/v) . This acetone suspension is 
incubated for 45 minutes at 4°C. 

After this incubation, this acetone suspension is 

30 centrifuged for 10 minutes at 8,000 rpm (Beckman J21, 
JA10 rotor) . 

The centrif ugation supernatant is retained. To 
this centrifugation supernatant, acetone is added to a 
concentration of 80 % (v/v) . This acetone suspension is 
35 incubated for 45 minutes at 4°C. 

After this incubation, this ac tone suspension is 
c ntrifuged for 10 minutes at 8,000 rpm (B ckman J21, 
JA10 rotor) . 

The centrifugation pellet is retained. It is 
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suspended in a sufficient volume of 0.9 % (v/v) NaCl 
solution to be solubilized (product N) . 

Example 3 

Purification of the xvlanase 
5 A fraction of the ultrafiltration retentate 

(product N) obtained in Example 2 is conditioned by 
passage through a gel permeation chromatography col umn 
(Bio-Rad Econopac 10DG column) equilibrated with 20mM 
Bis-Tris (bis (2 - hydroxy e thy 1 ) iminotris ( hydroxy - 

10 methyl) methane) buffer, pH 6.2 (buffer A). A solution 
designated product X is thereby obtained. 

1 ml of the product X solution is then applied to 
an S Sepharose HP 16/10 (Pharmacia) cation exchange 
column previously equilibrated with the buffer A. The 

15 flow rate is 2.5 ml per minute, with an isocratic elution 
for 10 minutes, followed by an NaCl concentration gra- 
dient (from 10 to 50 minutes; the NaCl content rises from 
0 to 0.7 M). A single peak is detected during the gra- 
dient, corresponding to the elution of the xylanase. 

20 The fractions containing the xylanase activity 

(solution A) are collected. 

It is verified that these fractions contain 
xylanase by applying 10 fil of each fraction to an agar 
medium comprising xylan (medium containing 0.5 g/1 of 

25 AZCL-xylan, 50 mM Tris buffer (pH 8.0) and 15 g/1 of 
agar) . A halo forms around the fractions which contain 
xylanase • 

Example 4 

Amino acid sequence 

30 The amino acid sequence of the xylanase of the 

present invention is determined indirectly from the 
nucleotide sequence (SEQ ID NO: 10) of the gene which 
codes for this xylanase, which is obtained as described 
in Example 14. This is carried out using the Intelli- 

35 Genetics Suite Software for Molecular Biology (Release 
#5.4) computer program of IntelliGenetics, Inc. USA. 
Figure 2 (Figure 2a and Figure 2b) shows the nucleotide 



# 

- 23 - 

sequ nc (SEQ ID NO: 10) of the gene coding for the 
xylanase, together with its translation into amino acids 
(SEQ ID NO: 11) . 

The xylanase is synthesized in the form of a 
5 precursor. The xylanase precursor contains 248 amino 
acids (SEQ ID NO: 6). The nucleotide sequence (SEQ ID 
NO:4) coding for the xylanase precursor, as well as its 
translation into amino acids (SEQ ID NO: 5), are iden- 
tified. 

10 The presequence of the xylanase synthesized in 

the form of a precursor is identified. It is a sequence 
of 27 amino acids (SEQ ID NO: 9) . The corresponding 
nucleotide sequence (SEQ ID NO: 7) is identified. 

The amino acid sequence of the mature xylanase is 

15 then identified. The mature xylanase contains 221 amino 
acids (SEQ ID N0:3). 

Figure 1 (Figure la and Figure lb) shows the 
nucleotide sequence (SEQ ID NO:l) coding for the mature 
xylanase, together with its translation into amino acids 

20 (SEQ ID NO:2) . 

Example 5 

Amino acid distribution 

The amino acid distribution of the mature 
xylanase, determined from the amino acid sequence (SEQ ID 
25 NO:3) of the xylanase (Example 4), is su mm arized in 
Table 1. 
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TABLE 1 





Symbol 


Amino acid 


Num- 
ber 


% (in 
mol cular 
weight) 




N 


asparagine 




11 6 




V 

X 


tyros me 


13 


8 . 6 


5 


rp 




18 


7 . 4 




e 
o 


serine 


19 


6 . 7 




T 


J_ D w J. UUXliC 


14 


6.4 




V 


vallue 


14 


5 . 6 








24 


5 . 5 


10 


til 

w 


cryp topnan 


7 


5 . 3 




IN. 


lyBlllc 


10 


5.2 


□ 
»£? 


R 


arginine 


8 

o 


5 . 1 


f 5 TS 


Q 




9 


4 . 7 


i"! 

3 


D 


aspartic acid 


1 u 


4 7 


nn is 


L 


leucine 


t n 

1U 


4 6 




E 


glutamic acid 


O 
O 


4 2 




TP 


piieny XaXauxuc 


7 


4.2 


j at;. 

i a 




proi me 


7 


2.8 




M 


methionine 




2.7 


0 20 


A 


alanine 


8 


2.3 


. 


H 


histidine 


4 


2.2 




C 


cysteine 


1 


0.4 




B 


aspartic acid/asparagine 


0 


0.0 




X 


unknown 


0 


0.0 


25 


z 


glutamine glutamic acid 


0 


0.0 



Estimation of the molecular weight 

The molecular weight of the xylanase is estimated 
by calculation from the amino acid sequence of the mature 
30 form of the xylanase, as described in Example 4. 

A molecular weight of 24698.61 daltons is deduced 
by. calculation. 
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Example 7 

Molecular weight determination 

Concentration on a Centricon 10 kD device 
(Amicon) is performed on the solution A containing the 
5 xylanase, as obtained in Example 3. 

100 fil of the concentrated solution are applied 
to a Superdex 75 HR 10/3 0 (Pharmacia) gel permeation 
chromatography column. The column was previously cali- 
brated by means of the (Pharmacia) Gel Filtration LMW 
10 calibration kit, code 17-0442-01, molecular weight 
markers. Elution took place at 0.25 ml/minute by means of 
25 mM CAPSO (3- ( eye lohexyl amino) -2 -hydroxy- 1-propanesul- 
phonic acid) buffer pH 9.2, with the addition of 0.2 M 
NaCl . 

15 The chromatogram obtained shows a single peak 

corresponding to the xylanase activity. An apparent 
molecular weight of the protein of approximately 13.5 kD 
is deduced from this. 

Polyacrylamide gel electrophoresis under denatu- 

20 ring conditions (SDS-PAGE) is also performed on the 
fraction originating from this single peak. The gel 
system used is the PhastSystem system of Pharmacia LKB 
Biotechnology, with gels containing a polyacrylamide 
gradient from 10-15 % (v/v) . Electrophoresis conditions 

25 are those prescribed by the supplier. Pharmacia LMW (Low 
Molecular Weight) molecular weight markers, reference 17- 
0446-01, are used as control. The markers employed are 
phosphorylase b (94 kD) , albumin (67 kD) , ovalbumin 
(43 kD) , carbonic anhydrase (3 0 kD) , trypsin inhibitor 

30 (20.1 kD) and alpha- lac talbumin (14.4 kD) . 

Staining with Coomassie blue reveals a 
polypeptide of molecular weight approximately 25.7 kD. 

Example 8 

Estimation of the isoelectric point 
35 The isoelectric point of the xylanase is esti- 

mated from the amino acid sequence of the mature form of 
the xylanase, as described in Example 4. 

The estimated isoelectric point represents the 



n t charge of the protein in denatured form* 

An isoelectric point of 7.46 is deduced for the 
xylanase in denatured form. 

Example 9 

Isoelectric point determination 

A fraction of the solution A # as obtained in 
Example 3, is applied to a Mono P 5/2 0 chroma to focusing 
column (Pharmacia), following the supplier's recommenda- 
tions, previously equilibrated with a 25 mM diethanol- 
amine buffer, pH 9.9. 

The column is eluted by means of the Polybuffer 
96 ampholyte solution (Pharmacia) diluted 10 -fold in 
demineralized water. 

The pH of the fraction containing the xylanase 
activity is 9.5. 

It is verified that this fraction contains 
xylanase by applying 10 ftl of the fraction to an agar 
medium comprising xylan (medium containing 0.5 g/1 of 
AZCL-xylan, 50 mM Tris buffer (pH 8.0) and 15 g/1 of 
agar) . A halo, which takes the form of a zone of 
hydrolysis of AZCL-xylan, forms around the fraction which 
contains the xylanase. 

Isoelectric focusing is carried out on a fraction 
of the solution A as obtained in Example 3. 

To do this, Pharmacia DrylEF gel is rehydrated 
with a mixture consisting of 2 ml of demineralized water, 
150 /xl of Biolyte 8-10 product (BioRad) and 75 fil of 
Pharmalyte 8-10.5 product (Pharmacia). Approximately 
200 nanogrammes of proteins (fraction of the solution A) 
are applied to the gel. The protocol described by the 
supplier is followed. 

It is deduced from this that the xylanase has an 
isoelectric point slightly above 9.6, the isoelectric 
point of the marker having the highest isoelectric point 
used. 

The experimentally observed isoelectric point 
repres nts the surface charge of the prot in in its 
native form. 




Activity profile as a function of pH for the xvlanase 
produced by the natural strain (Bacillus bp. 720/1) 

The enzyme activity of the xylanase is measured 
5 according to the method described in Example 2 in the 
presence of xylan (Roth, reference 7500, birchwood xylan) 
at a temperature of 50 °C and at different pH values (from 
5.6 to 10.35) in different buffers chosen to obtain the 
desired pH. The solution comprising the xylanase as 
10 obtained in Example 2 (product N) is employed. 

The results are collated in Table 2 . It may be 
noted that the margin of error is estimated at approxi- 
mately 25 % in this type of measurement. 

In the course of this assay, maximal enzyme 
15 activity was measured for the sample placed at a pH of 
approximately 6.2 and at a temperature of approximately 
50 °C for 15 minutes. By definition, a relative enzyme 
activity of 100 % was hence assigned to this sample. 

This example shows that the xylanase according to 
20 the invention develops considerable enzyme activity over 
a pH range between approximately 5 . 6 and approximately 
10. 



TABLE 2 





pH 


Buffer used 
(50 mM) 


Relative 
activity 
% 


25 


5.6 


Tris-maleate 


85 




6.2 


Tris-maleate 


100 




6.8 


Tris-maleate 


96 




7.5 


Tris- 

maleate/Tris* ' 


88 




8.7 


Tris/Capso* 


92 


30 


9.5 


Capso/Caps* 


76 




10 


Caps 


50 




10.35 


Caps 


19 



Tris = tris (hydroxymethyl) aminom than 
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Tris-maleate = buffer composed of tris (hydroxy- 

me thy 1 ) aminome thane (50 mM) and 
maleic acid (50 mM) , in which the 
ratio between the components is 
chosen in accordance with the 
desired pH, the pH being adjusted 
by means of NaOH (1 M) 

Capso = 3- (cyclohexylamino) -2 -hydroxy- 1- 

propanesulphonic acid 

Caps = 3- (cyclohexylamino) -1-propanesul- 

phonic acid 

The symbol * means that the value obtained is the mean of 
the measurements performed at the same pH but obtained 
with the two buffers. 

This example shows that the xylanase according to 
the invention develops high enzyme activity over a very 
wide pH range. 

Example 11 

Effect of pH on the activity of the xylanase pr oduced bv 
Bacillus sp. strain 720/1 as an aid to the bleac hing of 
coniferous wood pulp 

Three aqueous suspensions of a pinewood pulp 
(obtained from the company SCA) are prepared, having a 
consistency of 2.5 % (as weight of dry matter) and having 
an initial Kappa number of 17 . 

The pH of these suspensions is adjusted to pH 5 
with H 2 S0 4 [sic] . 

1st Stage : enzyme stage (stage X) 

The solution designated product N, as obtained in 
Example 2, is diluted with demineralized water to obtain 
an enzyme solution having an enzyme activity of 25 IU/ml 
(as described in Example 2) . 

This enzyme solution containing the xylanase is 
added to one suspension of pinewood pulp such that th 
pulp suspension is treated by means of 5 IU/g of dry 
pulp . 

To the other two suspensions of pinewood pulp, 



demin ralized water is added in place of the enzyme 
solution in identical proportions. 

The three suspensions are then incubated for 
2 hours at 50 °C without stirring. 
2nd Stage : chlorine stage (stage C) 

Each pulp suspension thereby obtained is then 
subjected to a bleaching treatment which consists of a 
chlorination with chlorine water. This treatment takes 
place on a pulp having a consistency of 3 % as weight of 
dry matter. 

To this end, an amount of chlorine of 2.89 
(= 0.17 x 17) % (weight/weight of dry pulp) is added to 
the enzyme- treated pulp suspension and to one non-enzyme- 
treated pulp suspension. An amount of chlorine of 3.40 
(0.20 x 17) % (weight/weight) is added to the other non- 
enzyme- treated pulp suspension. 

The 3 suspensions are incubated for 1 hour at 
room temperature. The pulp is then washed with 40 volumes 
of demineralized water. 

3rd Stage ; sodium hydroxide stage (stage E) 

An alkaline extraction is then performed, which 
consists in adding 2 % (weight/weight of dry pulp) of 
NaOH to the three suspensions obtained above and which 
have a consistency of 5 % as weight of dry matter. 

The three suspensions are incubated for 1 hour 
30 minutes at a temperature of 60 °C. The pulp is then 
washed with 40 volumes of demineralized water and 
recovered in the form of a sheet having a whiteness of 
approximately 45° ISO ( + /-3° ISO) . 

The Kappa number of the three sheets obtained is 
measured. 

The Kappa number relates to the measurement of 
the amount of lignin present in the pulp. The Kappa numbr 
is a number which represents the volume (in millilitres) 
of 0.1 N potassium permanganate (KMn0 4 ) solution consumed 
by one gram of dry pulp under the conditions specified 
and following the procedures described in TAPPI (Tech- 
nical Committee of the Association of the Pulp and Paper 
industry) standard #T236cm-85 (1985) . 
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The degre ISO relates to the measurement of 
brightness of the paper obtained from the pulp. This 
value is a factor of the reflectance of the paper 
obtained from the pulp under the conditions specified and 
following the procedures described in ISO (The Inter- 
national Organization for Standardization) standard #2469 
published in standard #ISO 2470-1977 (F) supplementing 
standard #247 0. 

Four assays are carried out, which are identical 
except for the initial pH adjustment to pH 5 . In effect/ 
four assays are carried out with an aqueous suspension of 
pinewood pulp whose pH has been adjusted, respectively, 
to pH 6, pH 7, pH 8 and pH 9 instead of pH 5 . 

The results are collated in Table 3 . 

TABLE 3 



Amount of enzymes 
employed (IXJ/g) 


5 


0 


0 


Amount of chlorine 
employed (% by 
weight /weight of 
dry pulp) 


2.89 


2.89 


3.40 


Initial pH 


Kappa 


number 


5 


4.63 


5.01 


4.18 


6 


3.81 


/ 


4.11 


7 


3 .81 


5.01 


4.06 


8 


3.55 


/ 


4.21 


9 


3 .71 


4.91 


4.07 



The symbol / means that the pulp suspension was 
not tested. 

3 0 These results show that the xylanase according to 

the invention permits an approximately 15 to 20 % reduc- 
tion in the amount of chlorine for a pulp bleached to 45° 
ISO. Furthermore, these results are obtained both at an 
alkaline pH and at an acid pH. These good results are 

35 also obtained at a pH of approximately 9. 

This example shows that the xylanase according to 
the invention displays activity over a wid pH range. In 



effect, the xylanase according to the invention is activ 
over a pH range between approximately 5 and approximately 
10. It is especially active for pH values above or equal 
to approximately 6. It is especially active for pH values 
below or equal to approximately 9 . 

Example 12 

Effect of temperature on the activity of the xylanase 
produced by Bacillus sp. strain 72 0/1 as an aid to the 
bleaching of coniferous wood pulp 

Example 11 is repeated with 5 suspensions of 
coniferous wood pulp at pH 8, The enzyme treatment stage 
is carried out at a pH of 8 and at different temperatures 
(55, 60 and 65°C) . 

The results are collated in Table 4. 



TABLE 4 



Amount of enzymes 
employed (IU/g) 


5 


0 


0 


Amount of chlorine 
employed (% by 
weight/weight of 
dry pulp) 


2 . 89 


2.89 


3.40 


Temperature °C 


Kappa number 


55 


3 .89 


/ 


/ 


60 


3 .64 


4.77 


4.09 


65 


3 .49 


/ 


/ 



The symbol / means that the pulp suspension was 
not tested. 

It is observed that the pulp is bleached to 
approximately 45° ISO. 

These results show that the Kappa number of the 
enzyme- treated pulp samples remains well below the number 
of the non- nzyme- treated sample. 

This x ample shows that th xylanase according to 
th invention is active over a wide temperature range. It 
is active at a temperature of approximately 65 °C. 
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This example also shows that the xylanase accor- 
ding to the .invention is stable at a temp rature of 
approximately 6 0 ° C . 

Example 13 

5 Activity of the xvlanase produced by Bacillus bp. strain 
72 0/1 as an aid to the bleaching of eucalyptus pulp in 
the ECF sequence 

For this example, a eucalyptus pulp obtained from 
the company CEASA Mill (Spain) is employed. The pulp is 
10 treated according to an ECF ("Elemental Chlorine Free") 
sequence, that is to say the succession of stages consti- 
tuting the sequence does not make use of elemental 
chlorine . 

1st Stage ; oxygen stage (stage O) 
15 The pulp is treated by a process employing oxygen 

as described in Patent US 4,462,864, such that a pulp 

having an initial Kappa number of 12.3 and an initial 

degree ISO of 33.4 is obtained. 

Two aqueous suspensions are prepared from this 
2 0 oxygen- treated pulp having a consistency of 4 % as weight 

of dry matter. 

The pH of these suspensions is adjusted to pH 9 

with HC1. 

2nd Stage : enzyme stage (stage X) 
25 The solution designated product N, as obtained in 

Example 2, is diluted with demineralized water to obtain 

an enzyme solution having an enzyme activity of 25 IU/ml. 

This enzyme solution containing the xylanase is 

added to one suspension of pinewood pulp such that the 
30 pulp suspension is treated by means of 10 IU/g of dry 

pulp. 

To the other two suspensions of pinewood pulp, 
demineralized water is added in place of the enzyme 
solution. 

35 The 3 suspensions are then incubated for 1 hour 

30 minutes at 50 °C without stirring. 
3rd Stage ; chlorine dioxide stage (stage D) 

Each pulp suspension thereby obtained is then 
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subj ct d to a bleaching treatment which consists of a 
chlorination with chlorine dioxide. This treatment tak s 
place on a pulp having a consistency of 3 % as weight of 
dry matter. 

5 To this end, an amount of chlorine dioxide of 

0.6 % (weight/weight of dry pulp) is added to the enzyme- 
treated pulp suspension and to one non- enzyme -treated 
pulp suspension. An amount of chlorine dioxide of 1 % 
(weight /weight) is added to the other non- enzyme- treated 
1 0 pulp suspens ion . 

The 3 suspensions are incubated for 3 0 minutes at 
50 °C. The pulp is then washed with 40 volumes of 
demineralized water. 
□ 4th Stage ; sodium hydroxide/hydrogen peroxide stage 

£ " 15 (stage E/P) 

An alkaline extraction is then performed, which 
consists in adding 1.8 % (weight/weight of dry pulp) of 
Q NaOH and 0.5 % (weight/weight of dry pulp) of hydrogen 

peroxide to the three suspensions obtained above, and 
{"* 2 0 which have a consistency of 12 % as weight of dry matter. 

The three suspensions are incubated for 1 hour 
3 0 minutes at a temperature of 70 °C. The pulp is then 
washed with 40 volumes of demineralized water. 
5th Stage ; chlorine dioxide stage (stage D) 
25 Each pulp suspension thereby obtained is then 

subjected again to a bleaching treatment which consists 
of a chlorination with chlorine dioxide. This treatment 
takes place on a pulp having a consistency of 12 %. 

An amount of chlorine dioxide of 0.5 % 
30 (weight/weight of dry pulp) is added to these three 
suspensions • 

The 3 suspensions are incubated for 2 hours at 
75°C. The pulp is then washed with 40 volumes of 
demineralized water. 
35 6th Stage ; sodium hydroxide/hydrogen peroxide stage 
(stage E/P) 

An alkaline extraction is then perform d, which 
consists in adding 0.6 % (weight/weight of dry pulp) of 
NaOH and 0.3 % (weight/weight of dry pulp) hydrogen 
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peroxid to the three suspensions obtained above, and 
which have a consistency of 12 % as weight of dry matt r. 

The three suspensions are incubated for 1 hour 
30 minutes at a temperature of 70 °C. The pulp is then 
5 washed with 40 volumes of demineralized water. 
7th Stage ; chlorine dioxide stage (stage D) 

Each pulp suspension thereby obtained is then 
subjected to a bleaching treatment which consists of a 
chlorination with chlorine dioxide. This treatment takes 
10 place on a pulp having a consistency of 12 %. 

An amount of chlorine dioxide of 0.3 % 
(weight /weight) is added to these three suspensions. 

The 3 suspensions are incubated for 2 hours 
30 minutes at 75 °C. The pulp is then washed with 
15 40 volumes of demineralized water and is recovered in the 
form of a sheet. 

The degree ISO of the three sheets obtained is 
measured. 

The results are collated in Table 5. 
20 TABLE 5 



Amount of enzymes 
employed in stage 2 
in IU/g 


10 


0 


0 


Amount of chlorine 
dioxide employed in 
stage 3 in % 
(weight /weight of 
dry pulp) 


0.6 


0.6 


1.0 


•ISO 


88.5 


85.5 


87 .9 



30 This example shows that the xylanase according to 

the invention is effective on eucalyptus pulp. Further- 
more, it does not necessitate any pH adjustment, since it 
has the advantage of being active at tHe pH of the pulp, 
that is to say at a pH of approximately 9 . This example 

35 shows that the xylanase according to the invention is an 
alkaline xylanase. 

This example also shows that, in comparison with 
what is obtained without xylanase, the us of the 



xylanase according to the invention brings about an 
increas in brightness of at least 3° ISO for a fixed 
amount of C10 2 . 

This example also shows that the use of the 
xylanase according to the invention enables the amount of 
C10 2 to be reduced by approximately 4 to 5 kg/ tonne of 
pulp, representing approximately 25 to 30 % of the total 
amount of C10 2 needed. 

Example 14 

Determination of the nucleotide and protein sequence of 
Bacillus bp. 720/1 xvlanase 

1 . Extraction of chromosomal DNA from Bacillus sp. 
strain 720/1 

From the culture B as obtained in Example 2, 
culturing of 200 ml of Bacillus sp. strain 720/1 is 
carried out in LB/C medium for 16 hours at 37 °C. LB/C 
medium is identical to the LBS/C medium described in 
Example 1, without the addition of wheat bran. 

When this culture has been prepared and is in 
stationary phase, it is centrifjiged (Beckman J 21, JA10 
rotor) at 5,000 rpm for 10 minutes. The centrif ugation 
pellet thereby obtained is taken up in 9 ml of Tris-HCl 
(tris (hydroxyme thy 1) aminome thane acidified with 0.1 M 
HC1) buffer at pH 8, 0.1 M EDTA ( ethyl enediaminetetra- 
acetic acid), 0.15 M NaCl containing 18 mg of lysozyme; 
the suspension thereby obtained is incubated for 15 
minutes at 37 °C. 

The lysate thereby obtained is then treated with 
200 /zl of an RNAse solution at a concentration of 
10 mg/ml for 20 minutes at 50°C. 1 ml of 10 % (w/v) SDS 
(sodium dodecyl sulphate) solution is then added to this 
lysate. This lysate is then incubated for 30 minutes at 
70°C. 

The lysate is thereafter cooled to around 45 °C, 
and 0.5 ml of a solution of proteinase K (sold by 
Boehringer Mannheim) at a concentration of 20 mg/ml 
(prepared immediately before use) is then add d to it. 

The lysate is incubated at 45 °C with stirring 
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until a transparent solution is obtained. 

Several phenol extractions are perform d on this 
transparent solution under the conditions and following 
the procedures described in Molecular Cloning - a labora- 
5 tory manual - Sambrook, Fritsch, Maniatis - second 
edition, 1989, on page E.3, until a clean interface is 
obtained, as described therein. 

The DNA is precipitated with 20 ml of ethanol - 
The precipitate is recovered by centrif ugation at 
10 5,000 rpm (Beckman J21, JA10 rotor) for 5 minutes, and 
then suspended in 2 ml of TE buffer, pH 8.0, (10 mM Tris- 
HC1, 1 mM EDTA, pH 8.0). This suspension contains the 
chromosomal DNA. 
O 2 . Construction of the vector PUBR2002 

'ij 15 The vector pUBR2002 (E. coli - Bacillus subtilis) 

p was obtained from plasmid pBR322 which is sold by the 

j*^ company Biolabs (Clontech Laboratories catalogue No. 

p 6210-1) and the vector pUB131. 

Two synthetic oligonucleotides are constructed by 

:i 

p 20 the technique described in Beaucage et al . (1981), 

Tetrahedron Letters, 22, pages 1859-1882 and using /8- 
t ™ cyanoethyl phosphoramidites in a Biosearch Cyclone 

'ttr 

□ Synthesizer. 

hi 1 

' " The sequences of these two oligonucleotides are 

25 as follows: 

SEQ ID NO: 14 

5 ' - CCCCCCTACGTAGCGGCCGCCCCGGCCGGTAACCTAGGAAGTCAGCGCCCTGCACC - 3 ' 
and SEQ ZD NO: 15 

5' - CCCCCCTACGTAGGCCGGGGCGGCCGCGGTTACCTAGGGCCTCGTGATACGCCTAT - 3' 

3 0 These two oligonucleotides are used to perform a 

PCR amplification on plasmid pBR322 according to the 
technique described in Molecular Cloning, a laboratory 
Manual - Sambrook et al . , second edition, 1989, pages 
14.18-14.19. 

35 The PCR-amplif ied fragment contains the E. coli 

replicon limited on both sides by the Avrll, BstEII, 
NotI, Sfil, SnabI restriction sites. 

The approximately 2.8-kbp (kbp = 1,000 base 
pairs) SnabI -SnabI fragment is ligated with th vector 

40 pUB131 which has previously been subjected to dig stion 



with Snabl. Construction of the vector pUBl31 is 
described in Example 10 and in Figure 7 of US Patent 
5,352,603 (European Patent Application 0,415,296), which 
is incorporated by reference. 

The ligation technique is described by Sambrook 
et al. (pages 1.68-1.69). All the ligations carried out 
in the examples in this application were performed 
according to this technique. 

The ligation thereby obtained is transformed into 
E. coli MC1061 cells [Clontech Laboratories , catalogue 
No. C-1070-1] by electroporation (Sambrook et al . , pages 
1.75-1.81). The transformed cells are cultured on Petri 
dishes containing LB agar medium, 100 /xg/ml of ampicillin 
and 10 fig/ml of kanamycin, at 37 °C for approximately 
18 hours. 

The plasmids are extracted from the colonies 
isolated by the alkaline lysis method (Sambrook et al . , 
pages 1.25-1.28) and are subjected to a restriction 
analysis, the analysis described in Molecular Cloning, a 
laboratory Manual - Maniatis et al . , 1982, Cold Spring 
Harbor Laboratory, pages 374-379. 

A strain is obtained from which the vector which 
is designated pUBR2 0 02 (Figure 3) is extracted. 
3. Construction of a Bacillus sp. 720/1 gene library 

From the suspension containing it, the 
chromosomal DNA is partially cleaved with the restriction 
enzyme Sau3AI . The restriction conditions are those 
described by Sambrook et al . (pages 5.28-5.32), except 
that these restriction conditions are increased by a 
factor of 10 in order to obtain a sufficient amount of 
DNA for the following purification steps. 

The ratio of the amount of DNA employed to the 
amount of enzyme is adjusted in order to obtain a maximum 
of fragments between 4 and 7 kbp (kbp : 10 3 base pairs) 
in size. 

The set of fragments thereby obtain d is then 
subjected to agarose (0.8 % w/v) gel electrophoresis as 
described by Sambrook et al . , pages 6.01-6.19, and the 
fragments between 4 and 7 kbp in size are isolat d and 
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purified by the method of filtration followed by 
centrifugation described in Zhu et al . , Bio/Technology 3, 
1985, pages 1014-1016. 

The DNA fragments thus purified are then ligated 
(according to the method described by Sambrook et al . , 
(pages 1.68-1.69) with plasmid pUBR2002 (E. coli - 
Bacillus subtilis) previously cut at the BamHI site and 
dephosphorylated as described by Sambrook et al . , (pages 
1.60-1.61) . 

The ligation thereby obtained is used to 
transform E. coli MC1061 cells by electroporation 
(Sambrook et al . , pages 1.75-1.81). 

4. Screening of the gene library 

The transformed E. coli cells are cultured on 
Petri dishes containing LB agar medium, 0.8 g/1 of AZCL- 
xylan and 100 fig/ml of ampicillin, for approximately 
24 hours at 37 °C. A colony displaying a zone of 
hydrolysis is isolated. 

The plasmid present in this colony is extracted 
and isolated by the alkaline lysis technique described in 
Sambrook et al., pages 1.25-1.28* 

A restriction analysis (Sambrook et al. # page 
1.85) is performed. This analysis shows that the DNA 
fragment obtained, which contains the xylanase gene, is 
approximately 3.5 kbp (kbp = 1,000 base pairs) in size. 
It is carried by the vector pUBR2002 which has been 
ligated. 

The plasmid pUBR-720Xl (Figure 4) is thereby 
obtained. 

5. Cloning of a chromosomal fragment containing the 
xvlanase gene 

Plasmid pUBR-720Xl is digested with restriction 
enzymes at the Swal and Spel sites. The xylanase gene is 
thereby obtained on an approximately 1.5 -kbp Swal -Spel 
DNA fragment • 

This Swal -Spel DNA fragment is subjected to a 
treatment with the Klenow fragment of DNA polymerase 
(Sambrook et al., pages F.2-F.3). 

The DNA preparation thereby obtained is ligated 
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with the vector pUBR2 002 which has previously b en 
digested with. EcoRV and dephosphorylated. 

The ligation is then trans f ormed into E. coli 
MC1061 cells by electroporation. 
5 The transformed strains are selected on Petri 

dishes containing LB (Luria-Bertani) agar medium, 0.8 g/1 
of AZCL-xylan (Megazyme) and 100 ng/ml of ampicillin, 
after growth at 37 °C for approximately 24 hours. 

Colonies displaying a zone of hydrolysis are 
10 isolated. The plasmids are extracted from the colonies 
isolated by the alkaline lysis technique (Sambrook et 
al., pages 1.25-1.28), and are subjected to a restriction 
analysis (Maniatis et al . , 1982, pages 374-379). This 
restriction analysis shows that the plasmid isolated, 
ifi 15 pUBR-720Xll (Figure 5) , contains the xylanase gene on an 

approximately 1.5 kbp fragment of the Bacillus sp. 720/1 
jiii chromosomal DNA. 

Plasmid pUBR-72 0Xll is then used to transform E. 
coli JM109 cells (Clontech Laboratories catalogue No. 
20 C1005-1) by the CaCl 2 technique (Sambrook et al., pages 
1.82-1.84) . 

J;i The transformed E. coli cells are cultured on 

Petri dishes containing LB agar medium, 0.8 g/1 AZCL- 
xylan and 100 fig/ml of ampicillin. After growth at 37 °C 
25 for approximately 24 hours, a zone of hydrolysis is 
observed around the colonies. This shows that the trans- 
formed E. coli cells do indeed express the xylanase. 

The technique enabling the DNA fragments to be 
dephosphorylated or the vectors to be linearized is 
30 described by Sambrook et al . , (pages 1.60-1.61). 

A colony displaying a zone of hydrolysis is 
isolated. The plasmid present in this colony is extracted 
and isolated by the alkaline lysis technique. 

The sequence of the xylanase is established using 
35 the method described in Sambrook et al . pages 13.15 and 
13.17 (Figur 13. 3B), using plasmid pUBR-720Xll as 
template . 

To initiate the sequence determination, synthetic 
oligonucl otides are prepared for hybridization with 
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plasmid pUBR2002. The sequences of these synthetic 
ologonucleotides are as follows : 

SEQ ID NO: 16 

5' - ACGAGGAAAGATGCTGTTCTTGTAAATGAGT - 3' 



SEQ ID NO: 17 

5' - TACCTTGTCTACAAACCCC - 3' 

The remainder of the sequence is determined by 
the use of other synthetic oligonucleotides chosen on the 
10 basis of the newly determined portions of the sequence. 

The nucleotide sequence of the complete gene 
which codes for xylanase (SEQ ID NO: 10) is thereby 
obtained (Figure 2) . The xylanase gene is obtained as an 
approximately 1.5- kbp fragment. 
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and 
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Example 15 

Construction of the expression vector PUBRD-720X11 

The expression vector pUBRD-720Xll (Figur 6) is 
a plasmid derived from plasmid pUBR-720Xll from which the 
E. coli replicon has been removed. 

The construction of plasmid pUBRD -720X11 from 
plasmid pUBR-720Xll, as obtained in Example 14, is 
described below. 

Plasmid pUBR-720Xll is digested with the restric- 
tion enzyme at the SnaBI sites for the purpose of 
removing the origin of replication of E. coli, according 
to the technique described in Example 14. An approxi- 
mately 5-kbp fragment is thereby obtained; it is ligated 
with itself according to the technique described in 
Example 14, to obtain plasmid pUBRD-720Xll . 

The ligation thereby obtained is used to trans- 
form competent Bacillus subtilis SE3 cells according to 
the technique described in DNA Cloning, vol. II, ed. 
Glover, D. M. , IRL Press Oxford, 1985, pages 9-11. 

Bacillus subtilis strain SE3 was deposited on 
21st June 1993 at the collection named Belgian 
Coordinated Collections of Microorganisms (LMG culture 
collection, Ghent, Belgium) in accordance with the 
Budapest Treaty under the numbr LMG P-14035. 

The transformed cells are cultured on Petri 
dishes containing LB (Luria-Bertani) agar medium, 0.8 g/1 
of AZCL-xylan and 2 5 fig/ml of kanamycin, at 37 °C for 
approximately 18 hours. After growth, colonies displaying 
a zone of hydrolysis are isolated. 

The isolated colonies are subjected to a plasmid 
analysis by enzyme restriction for the purpose of 
verifying that the construction of the plasmid is 
correct, according to the technique described in Example 
14. 

A strain is obtained from which the vector which 
is designated pUBRD-720Xll may be isolated. 
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Example 16 

Transformation of Bacillus lichenif ormis strain SE2 
delat>6 with the expression vector PUBRD-72 0X11 

Plasmid pUBRD-720Xll described in Example 15 is 
5 extracted from its host, isolated and purified (Sambrook 
et al., 1989, p. 1-25-1.28). 

A culture of Bacillus lichenif ormis strain SE2 
delap6 is prepared. Bacillus lichenif ormis strain SE2 
delap6 and the culturing thereof are described in 
10 Examples 27 and 2 8 of European Patent Application 
0,634,490, which is incorporated by reference. 

Bacillus lichenif ormis strain SE2 delap6 was 
prepared from Bacillus lichenif ormis strain SE2, which 
was deposited on 21st June 1993 at the collection named 
15 Belgian Coordinated Collections of Microorganisms (LMG 
culture collection, Ghent, Belgium) in accordance with 
the Budapest Treaty under the number LMG P-14034. 

Bacillus lichenif ormis strain SE2 delap6 is then 
transformed with plasmid pUBRD-720Xll according to the 
20 protoplast technique (Maniatis et al . , p. 150-151). 

The transformed strain [Bacillus lichenif ormis 
SE2 delap6 (pUBRD-720Xll) ] is selected on Petri dishes 
containing LB agar medium, 0.8 g/1 of AZCL-xylan and 
25 fig/ml of kanamycin. It is then isolated and purified 
25 by screening, that is to say by being applied and 
streaked to obtain single colonies at the surface of LB 
(Luria-Bertani) agar medium which is described in Mole- 
cular Cloning - Laboratory Manual (Sambrook et al.), 
1989, p. A. 4. 

30 Example 17 

Production of xvlanase by B. lichenif ormis SE2 delap6 

(PUBRD-720X11) 

B. lichenif ormis strain SE2 delap6 transformed by 

plasmid pUBRD-72 0Xll , as obtained in Example 16, is 
35 cultur d for 17 hours at 37 °C in an LB cultur medium 

supplemented with 0.5 % (w/v) of glucose and 20 fig/ml of 

kanamycin . 

This culture is transferred (5 % v/v) to 50 ml of 
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M2 medium supplemented with 2 0 fig/ml of kanamycin. 

M2 medium contains 30 g of soya flour, 75 g of 
soluble starch, 2 g of sodium sulphate, 5 mg of magnesium 
chloride, 3 g of NaH 2 P0 4 , 0.2 g of CaCl 2 .H 2 0 and 1,000 ml 
5 of water. The pH of this M2 medium is adjusted to 5.8 
with 10 N NaOH before it is sterilized. 

The culture is incubated with orbital shaking at 
the rate of 250 rpm with an amplitude of approximately 
2.54 cm for 80 hours at 37 °C. After 80 hours, the biomass 

10 is' removed by centrif ugation (Beckman J21, JA10 rotor) at 
5,000 rpm for 10 minutes. The centrif ugation supernatant 
is retained. The enzyme activity is measured on this 
supernatant according to the technique described in 
Example 2, and the presence of an xylanase activity is 

15 noted. 

Example 18 

Construction of the vector PUBC2 001 

The vector pUBC2001 (E. coli-Bacillus) (Figure 7) 
is a plasmid derived from the plasmid pUBC131 containing, 

20 as sole difference, the presence of two additional 
restriction sites: BstEII and Pad. Construction of the 
vector UBC131 is described in Example 11 and in Figure 8 
of US Patent 5,352,603 (European Patent Application 
0,415,296), which is incorporated by reference. 

25 The construction of this plasmid is described 

below. 

Four synthetic oligonucleotides are constructed 
according to the technique described in Example 14 . 

The sequences of these four oligonucleotides are 
3 0 as follows: 

SEQ ID NO: 18 

5 ' - CGGTCGCCGCATACACTA - 3 ' 
SEQ ID NO: 19 

5'- CCCCCCCCCGGTAACCTGCATTAATGAATCGGCCAA - 3' 
35 SEQ ID NO: 20 

5 ' - CCCCCCCCCGGTTACCGTATTTATTAACTTCTCCTAGTA - 3 ' 
SEQ ID NO: 21 

5 ' - CCCCCCTCTAGATTAATTAACCAAGCTTGGGATCCGTCGACCTGCAGATC - 3 ' 

The two oligonucleotides having the sequences SEQ 
40 ID NO: 18 and 19 are used to perform a PCR amplification 
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on the vector pUBC131 according to th PCR techniqu 
described in . Example 14. The PCR-amplif ied fragment, 
containing a portion of the ampicillin resistant gene and 
the functions needed for replication in E. coli, is 
5 subjected to a restriction with Seal and BstEII, 
generating an approximately 1.5 - 1 . 6 -kbp fragment . 

A second PCR amplification is carried out on the 
vector pUBC131, using the oligonucleotides having the 
sequences SEQ ID NO: 20 and 21 and according to the 
10 technique described in Example 14. The PCR-amplif ied 
fragment contains a portion of the vector pUBC131. This 
fragment is subjected to a restriction with BstEII and 
EcoRI, generating an approximately 1.4 - 1.5-kbp frag- 
ment • 

15 The two fragments thereby obtained are ligated 

together, according to the technique described in 
Example 14, with the vector pUBC131 which has previously 
been subjected to a double digestion with EcoRI and Seal, 
according to the technique described in Example 14 . 

20 The ligation thereby obtained is used to trans- 

form E. coli MC10 61 cells by electroporation according to 
the technique described in Example 14. The transformed 
cells are cultured on Petri dishes containing LB agar 
medium, 100 pg/ml of ampicillin and 10 fig/ml of 

25 kanamycin, at 37 °C for approximately 18 hours. 

After growth, the isolated colonies are subjected 
to a plasmid analysis by enzyme restriction according to 
the technique described in Example 14. 

A strain is obtained from which the vector which 

30 is designated pUBC2001 may be extracted. 

Example 19 

Construction of the expression vector pC-BPX-PRE-2003 

The expression vector pC-BPX-PRE-2003 (E. coli- 
Bacillus) (Figure 8) is an expression vector derived from 
35 plasmid pUBC2001. It contains the promoter deriv d from 
th gene which codes for Bacillus pumilus PRL B12 xyla- 
nase and the presequence which codes for the signal 
peptide of Bacillus pumilus PRL B12 xylanase. The method 
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for preparing and obtaining the promoter deriv d from th 
gene which codes for Bacillus pumilus PRL B12 xylanas 
and the presequence which codes for the signal p ptide of 
Bacillus pumilus PRL B12 xylanase is described in 
5 Example 17 and in Figure 1 of European Patent Application 
0,634,490, which is incorporated in this application by 
reference . 

The sequence of the promoter derived from the 
gene which codes for Bacillus pumilus PRL B12 xylanase is 
10 described in the present application under the number SEQ 
ID NO: 26. The sequence of the presequence which codes 
for the signal peptide of Bacillus pumilus PRL B12 
xylanase is described in the present application under 
the number SEQ ID NO: 27. 
15 The construction of plasmid pC-BPX-PRE-2003 is 

described below. 

Two synthetic oligonucleotides are constructed 
according to the technique described in Example 14 . 

The sequences of these two oligonucleotides are 
20 as follows : 

SEQ ID NO: 22 

5 ' - CCCCCCTGAAATCAGCTGGACTAAAAGGGATGCAATTTC - 3 ' 

SEQ ID HO: 23 

5 ' - CCCCCCGTCGACCGCATGCGCCGGCACAGC - 3 ' 

25 These two oligonucleotides are used to perform a 

PCR amplification on the plasmid pUB-BPX12 according to 
the technique described in Example 14 • Construction of 
the plasmid pUB-BPX12 is described in Example 17 and in 
Figure 4 of European Patent Application 0,634,490, which 

30 is incorporated by reference. 

The use of the oligonucleotide having the 
sequence SEQ ID NO: 22 makes it possible, by changing one 
nucleotide, to remove, upstream of the B. pumilus PRL B12 
xylanase promoter, the SphI restriction site, located at 

35 approximately 5.5 kbp, normally present in pUBC2001- The 
change of nucleotide is represented by the nucl otide 
underlined in the sequence SEQ ID NO: 22 above, and 
relat s to the replacement of C by G for th SphI site 
(SphI = GCATGC) . 

40 The sequence SEQ ID NO: 23 enables a new SphI 
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site to be created at the end of the presequence which 
codes for the signal peptide of B. pumilus PRL B12 
xylanase, by changing only one nucleotide of the Ala 
codon [25] , that is to say by changing GCG to GCT. 
5 The PCR amplified fragment, containing the 

promoter derived from the gene which codes for B. pumilus 
PRL B12 xylanase and the presequence which codes for the 
signal peptide of B. pumilus PRL B12 xylanase, is sub- 
jected to a restriction with PvuII and SphI, generating 
10 an approximately 0.7-kbp fragment, according to the 
technique described in Example 14 . 

The approximately 0 .7-kbp PvuII -SphI fragment is 
ligated with the vector pUBC2 001 which has previously 
been subjected to a double digestion with PvuII and SphI, 
15 according to the techniques described in Example 14. 
y The ligation thereby obtained is used to trans- 

jljj form E. coli MC1061 cells by electroporation accordxng to 

Cf the technique described in Example 14. The transformed 

cells are cultured on Petri dishes containing LB agar 
□ 20 medium, 100 ftg/ml of ampicillin, at 37 °C for approxi- 

mately 18 hours. 

After growth, the isolated colonies are subjected 
to a plasmid analysis by enzyme restriction according to 
the technique described in Example 14 . 
25 A strain is obtained from which the vector which 

is designated pC-BPX-PRE-2003 may be extracted. 

Example 20 

Construction of the expression vector pC-BPX-PRE-720X 

The expression vector pC-BPX-PRE-72 OX (E. coli- 
30 Bacillus) (Figure 9) is an expression vector containing 
the promoter derived from the gene which codes for B. 
pumilus PRL B12 xylanase and the presequence which codes 
for the signal peptide of B. pumilus PRL B12 xylanase and 
the sequence of the gene which codes for the mature 
35 portion of Bacillus sp. 720/1 xylanas . 

The expression vector pC-BPX-PRE-720X contains 
the sequence SEQ ID NO: 1, the nucleotide sequenc of the 
gene which codes for the mature portion of Bacillus sp. 
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720/1 xylanase ♦ 

The construction of plasmid pC-BPX-PRE-720X is 

d scrib d below. 

Two synthetic oligonucleotides are constructed 
according to the technique described in Example 14 . 

The sequences of these two oligonucleotides are 
as follows: 

SEQ ZD NO: 24 

5 ' - CCCCCCGCATGCGCAAATCGTCACCGACAATTCCATTGG - 3 ' 
SEQ ID NO: 25 

5 ' - TACCTTGTCTACAAACCCC - 3 ' 

These two oligonucleotides are used to perform a 
PGR amplification on plasmid pUBR-720Xll, as obtained in 
Example 14, and according to the technique described in 
Example 14 • 

The PCR amplified fragment containing the 
sequence of gene which codes for the mature portion of 
Bacillus sp. 720/1 xylanase is subjected to a restriction 
with SphI and Sad, generating an approximately 0.8-kbp 
fragment, according to the technique described in 
Example 14 . 

The SphI -Sad fragment is ligated with the vector 
pC-BPX-PRE-2003 which has previously been subjected to a 
double digestion with SphI and SacI, according to tech- 
niques described in Example 14 . Ligation at the SphI 
restriction site enables a translational fusion of the 
signal sequence of the gene which codes for B. pumilus 
PRL B12 xylanase with the sequence of the gene which 
codes for the mature portion of Bacillus sp. 720/1 
xylanase to be created. 

The ligation thereby obtained is used to trans- 
form E. coli MC1061 cells by electroporation according to 
the technique described in Example 14. The transformed 
cells are cultured on Petri dishes containing LB agar 
medium, 0.8 g/1 of AZCL-xylan and 100 fig/ml of 
ampicillin, at 37 °C for approximately 18 hours. Colonies 
displaying a zone of hydrolysis are isolated. 

After growth, the isolated colonies ar subjected 
to a plasmid analysis by enzyme restriction according to 
the technique described in Example 14 . 
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A strain is obtained from which the vector which 
is designated. pC-BPX-PRE-720X may be extracted. 



Example 21 

Construction of the vector PBPXD-PRE-720X 

The vector pBPXD-PRE-720X (Bacillus) (Figure 10) 
is an expression vector derived from plasmid pUB131. It 
contains the promoter derived from the gene which codes 
for B. pumilus PRL B12 xylanase and the presequence which 
codes for the signal peptide of B. pumilus PRL B12 
xylanase and the sequence of the gene which codes for the 
mature portion of Bacillus sp. 720/1 xylanase. 

The construction of plasmid pBPXD-PRE-720X is 
described below. 

Plasmid pC-BPX-PRE-720X obtained in Example 20 is 
subjected to a restriction with PvuII and EcoRI, genera- 
ting an approximately 1.5-kbp fragment, according to the 
technique described in Example 14 . 

The approximately 1.5-kbp fragment is ligated 
with the vector pUB131 which has previously been sub- 
jected to a double digestion with PvuII and EcoRI, 
according to techniques described in Example 14 . 

The ligation thereby obtained is used to trans- 
form B. subtilis SE3 cells according to the electro- 
poration technique described in Example 14. The trans- 
formed cells are cultured on Petri dishes containing LB 
agar medium, 0.8 g/1 of AZCL-xylan and 25 jig/ml of 
kanamycin, at 37 °C for approximately 18 hours. Colonies 
displaying a broad zone of hydrolysis are isolated. 

After growth, the isolated colonies are subjected 
to a plasmid analysis by enzyme restriction according to 
the technique described in Example 14 . 

A strain is thereby obtained from which the 
vector which is designated pBPXD-PRE-72 0X may be 
extracted. 



Example 22 

Transformation of Bacillus lichenif ormis SE2 delap6 with 
the expression vector pBPXD-PRE-72 0X 

Plasmid pBPXD-PRE-72 0X (Figure 10) described in 
Example 21 is extracted from its host, isolated and 
purified. 

A culture of B. lichenif ormis strain SE2 delap6 
is prepared according to the technique described in 
Example 16. This strain is then transformed with this 
plasmid according to the protoplast technique described 
in Example 16. 

The transformed strain [B. lichenif ormis SE2 
delap6 (pBPXD-PRE-72 0X) ] is selected from Petri dishes 
containing LB agar medium, 0 . 8 g/1 of AZCL-xylan and 
25 fig/ml of kanamycin. The strain is isolated and 
purified by screening according to the technique 
described in Example 16. 

Example 23 

Production of xvlanase bv B. lichenif ormis SE2 delap6 
( pBPXD - PRE - 7 2 OX) 

An assay is performed which is identical to the 
one described in Example 17, but with B. lichenif ormis 
strain SE2 delap6 transformed by plasmid pBPXD-PRE-720X 
as obtained in Example 22. 

The enzyme activity is measured according to the 
technique described in Example 2 on the supernatant 
obtained, and the presence of a xylanase activity is 
noted. 

Example 24 

Preparation and isolation of the xvlanase produced by 
B. lichenif ormis strain SE2 delap6 (pBPXD-PRE-720X) 

The xylanase produced by B. lichenif ormis strain 
SE2 delap6 transformed by plasmid pBPXD-PRE-720X, as 
obtained in Example 22, is isolated and purified. This 
strain is cultured according to the protocol described in 
Example 23. 

The xylanase obtained is isolated and purified 



according to the protocol described in Exampl 3 of 
European Patent Application 0,634,490, which is incor- 
porated in this application by reference. 

Example 2 5 

Amino acid sequence of the xvlanase produced by 
B. licheniformis strain SE2 delap6 (pBPXD-PRE-720X) 

The sequence of the first 50 amino acids of the 
xylanase produced by B. licheniformis strain SE2 delap6 
(pBPXD-PRE-720X) is determined using a sequencing appa- 
ratus (HP G1000A, Hewlett-Packard) and according to the 
instruction leaflet of this apparatus. 

The xylanase isolated and purified as described 
in Example 24 is used. 

It is verified that the sequence obtained is 
identical to the one described in Example 4 for the 
xylanase produced by Bacillus sp. strain 720/1. 

Example 26 

Determination of the molecular weight of the xvlanase 
produced by B. licheniformis strain SE2 delap6 (pBPXP- 
PRE-72 0X) 

The molecular weight of the xylanase produced by 
B. licheniformis strain SE2 delap6 (pBPXD-PRE-720X) is 
determined according to the protocol described in Example 
7 and employing the xylanase isolated and purified as 
described in Example 24 . 

Staining with Coomassie blue reveals a 
polypeptide of molecular weight between 2 5 and 26 kD, 
which is identical to that of the xylanase produced by 
Bacillus sp. strain 720/1. 



